Mexicana rubra sp. nov. and Encotyllabe cf. spari are described from the gills of the marine fi sh Orthopristis ruber (Haemulidae) caught off Rio de Janeiro, Brazil. Morphological, ultrastructural and genetic data are provided. The main diagnostic features of this new species of ectoparasite are a posteriorly bipartite testis, a ventral bar with three deep bowed projections and a dorsal bar with two deep, conspicuous, antero-lateral indentations. Genetic data on Mexicana rubra sp. nov. are based on the ITS1, 5.8S and partial 18S and 28S rDNA. This is the sixth known species of Mexicana Caballero & Bravo-Hollis, 1959, a key to which is also presented. Encotyllabe cf. spari Yamaguti, 1934 is described from the same host, with new ultrastructural data and new partial 18S and 28S rDNA sequences. A phylogenetic analysis based on partial 18S and 28S sequences is undertaken for both species.
Introduction
The Haemulidae (Osteichthyes) are marine fi sh species distributed in the Atlantic, Indian and Pacifi c Oceans, but may also occur in estuaries (Palazón-Fernández, 2007) . In the Atlantic, species of Orthopristis Girard, 1858, so-called "grunts" due to their ability to produce sounds when in danger, are found in areas with a stony bottom, sandy beaches, bays and estuarine areas, and are distributed between the Caribbean off Honduras to the coast of southern Brazil (Burkenroad, 1930; Tavolga & Wodinsky, 1965; Menezes & Figueiredo, 1980) . The parasites of Orthopristis ruber (Cuvier, 1830) have been studied by Amato (1982 a, b, c; 1983 a, b) , Bashirullah et al. (1987) , Luque et al. (1992; 1993a, b; 1996a) and Paschoal et al. (2014) , in addition to their citation in the checklists of Paschoal et al. (2015) . During a survey of the monogeneans of O. ruber off Rio de Janeiro, Brazil, a new species of Mexicana Caballero & Bravo-Hollis, 1959 parasitizing the gills was found, the morphology and genetic profi les of which are described herein. In addition, specimens identifi ed as Encotylabe cf. spari Yamaguti, 1934 , also from the gills, are described along with new ultrastructural details and genetic data based on the partial 18S and 28S rDNA genes. The phylogenetic position of both species is discussed.
Material and Methods
Specimens of Orthopristis ruber were collected off Urca on the Brazilian coast of Rio de Janeiro (22°56'49"N, 43°9'50"W) during 2015 and transferred fresh to the laboratory. The gills were removed and examined in a saline medium under a stereomicroscope. Any parasites recovered were fi xed in 70 % or 100 % ethanol. Some specimens were mounted in Berlese medium to improve the visibility of the sclerotised structures. Alternatively, some specimens were stained in Mayer's paracarmine or Gomori's trichrome and mounted in Canada balsam. Measurements are presented in micrometers, with the mean followed by the range in parentheses, unless otherwise stated. The measurements of the anchors were based on Vignon and Sasal (2010) . Drawings were made with the aid of a drawing tube attached to the Olympus CX31 microscope. Prevalence and intensity data follows Bush et al. (1997) . Representative specimens were deposited at the Helminthological Collection of the Instituto Oswaldo Cruz (CHIOC), Rio de Janeiro, Brazil. For comparative purposes, paratypes (CHIOC 33.109 and 33.110) of Mexicana atlantica Luque, Amato & Takemoto, 1992 and micrographs of Mexicana bychowskyi Caballero & Bravo-Hollis, 1959 (holotype and paratypes 216-24) and Mexicana littoralis Caballero & Bravo-Hollis, 1961 (holotype 218-3) from Colección Nacional de Helmintos (CNHE), Instituto de Biología, Universidad Nacional Autónoma de México (UNAM), Mexico were studied. For scanning electron microscopy (SEM), specimens were postfi xed for 24 h at room temperature in a solution of 1 % osmium tetroxide and 0·8 % potassium ferrocyanide, dehydrated through a graded alcohol series, critical-point dried and sputter coated with gold. The samples were examined using a JEOL JSM-6390 LV SEM, from the Plataforma de Microscopia Eletrônica do Instituto Oswaldo Cruz, at an accelerating voltage of 15 kV.
Genetic analysis
The DNA extraction was performed using the phenol-chloroform method as described by Billings et al. (1998) and a set of primers were used to amplify different regions of the DNA. The rDNA region 28S was amplifi ed by PCR using the primers C1 (5' -ACCCGCTGAATTTAAGCAT -3') and D2 (5' -TGGTC CGTGT TTCAA GAC -3') (after Chisholm et al., 2001) . The partial 18S, ITS1 and 5.8S were amplifi ed using the primers S1 (5'-TTCCG ATAAC GAACG AGACT -3') and H7 (5'-GCTGC GTTC TTCAT CGATA CTCG -3') (Sinnappah et al., 2001) . PCRs were carried out using cycling parameters as previously described by these authors. The PCR products were analysed by electrophoresis in 1.5 % agarose in Tris-borate EDTA gels, stained with SyberGreen (Invitrogen, Eugene, Oregon, USA) and photographed under UV transillumination. Amplifi ed PCR products were purifi ed with Ex-
Species
Family 18S rDNA 28S rDNA Benedenia epinepheli (Yamaguti,1937) Capsalidae EU707802 EU707803 Benedenia sp. Capsalidae AJ228774 Benedenia lutjani (Whittington & Kearn, 1993) Capsalidae AY033939 Capsala martinieri (Bosc, 1811) Capsalidae AJ276423 AF382053 Capsala laevis (Verrill, 1875) Capsalidae JN980396 Encotyllabe chironemi (Robinson, 1961) Capsalidae AJ228780 AF382054 Encotyllabe cf. spari (Yamaguti, 1934) Capsalidae KY553150 KY553149 Encotyllabe caballeroi (Velasquez, 1977) Capsalidae AF026112 Encotyllabe caranxi (Lebedev, 1967) Capsalidae FJ971990 Bravohollisia rosetta (Lim, 1995) Dactylogyridae EF152322 DQ537364 Bravohollisia tecta (Bychowsky & Nagibina, 1970) Dactylogyridae KJ571020 KJ571012 Euryhaliotrematoides pirulum (Plaisance & Kritsky, 2004 ) (=Euryhaliotrema pirulum)
Dactylogyridae AY820607
Euryhalitrematoides triangulovagina (Yamaguti, 1968) Sequences of both strands were generated, edited and aligned by using the MEGA version 7.0 software (Kumar et al., 2015) . Sequences were compared to others available in the GenBank database using the BLASTN program from the National Center for Biotechnology Information (NCBI) server (http://www.ncbi. nlm. nih.gov/BLAST) (Altschul et al., 1990) . Taxa, for which sequences from GenBank were used for the phylogenetic analysis, are listed in Table 1 . To examine the phylogenetic relationships, the nucleotide sequences were analysed using the CLUSTAL W algorithm of the MEGA 7.0 package (Thompson et al., 1994) . Maximum likelihood (ML) phylogenetic trees (Felsenstein, 1981) were inferred using the MEGA 7.0 using the generalised time-reversible (GTR) and gamma distribution with invariant sites (G + I) for the analysis of 18S rDNA and Kimura2 (K2) with invariant site (I) for partial 28S rDNA. The tree was resampled by 5,000 bootstrap replicates to evaluate the reliability of the groups. Luque, Amato and Takemoto, 1992 , which has also a posteriorly bipartite testis, differs mainly in its host and the shape and size of the bars and anchors. A comparative analysis of the bars of these species is presented in Table 2 . (Fig. 2B) ; small anchors 20 -25 (Fig. 2C) ; marginal hooks 10 long (Fig. 2D) (Fig. 2F) .
Results

A total of 101
Genetic Analysis
Scanning electron microscopy
Body smooth, folded laterally, with distal peduncle and oval haptor (Fig. 3A) . Anterior suckers bordered anteriorly by crenulate lobes (Fig. 3B ). Mouth ventrally, between anterior suckers, bearing several digitiform projections (Fig. 3B -C) . Haptor bordered by small marginal membrane (Fig. 3D -F ). Large anchors with free tips (Fig. 3E -F ) bordered by small hooks (arrowhead) (Fig. 3F) . Vaginal pore, located mid-ventral and well posterior to the mouth (Fig.  3B -G, arrow) .
Genetic Analysis
New sequences of E. cf. spari obtained in this study were deposited in the GenBank: these are the partial 18S rDNA (KY553150) (499bp) and partial 28S rDNA (KY553149) (796bp). For the partial 18S rDNA, the BLAST result indicated that the present material had a 98 % identity with Encotyllabe chironemi (AJ228780), with a 99 % query cover and maximum score of 857, followed by Megalocotyle marginata (KU872029), with a 91 % identity, 93 % query cover and maximum score of 632, and Benedenia epinepheli (EU707802), with a 89 % identity, 99 % query cover and maximum score of 617. For the partial 28S rDNA, the BLAST indicated Encotyllabe chironemi (AF382054) had a 99 % identity, 100 % query cover and a maximum score of 1,435, followed by Encotyllabe and grouped with 100 % statistical support. Encotyllabe cf. spari grouped in a clade with E. chironemi, with 99 % support, closer than to Capsala martineri, with bootstrap support of 76 % (Fig. 4) caballeroi (AF026112), with 98 % identity, 99 % query cover and maximum score of 1,393, and Encotyllabe caranxi (FJ971990) with 98 % identify, 46 % query cover and a maximum score of 647.
Phylogenetic analyses
The tree topology of the phylogenetic analysis based on the18S rDNA of the two species studied here showed two main clades; one was included in the Dactylogyridae with 100 % bootstrap support and the other in the Capsalidae with 99 % support. The clade formed by the Dactylogyridae showed that Euryhaliotrematoides microphallus grouped with E. pirulum, with a statistical support of 95 %, and E. triangulovagina, with a bootstrap value of 85 %. Mexicana rubra sp. nov. grouped with Haliotrematoides guttati, with an 84 % bootstrap value and was closest to the Euryhaliotrematoides clade, with 80 % support. Bravohollisia rosetta and B. tecta appeared in a basal clade, with a 100 % bootstrap value. The Capsalidae, included Benedenia sp. and B. epinepheli, E. cf. spari + E. chironemi (90 % support). Capsala martineri and Capsala laevis (Capsalinae) grouped with 100 % of bootstrap in a basal clade (Fig. 5) . Caballero and Bravo-Hollis (1959) proposed Mexicana in the Tetraonchidae Bychowsky, 1937 , with the type species M. bychowskyi described from an unidentifi ed host off the Pacifi c coast of Mexico. The generic diagnosis included six marginal hooks on the haptor and a postovarian testis. In 1961, these authors (Caballero and Bravo-Hollis, 1961) amended the generic diagnosis, referring eight marginal hooks and a bipartite testis; they also described M. littoralis from Haemulon sexfasciatum Gill, 1862 from the Gulf of California. According to Bychowsky (1957) , members of the Tetraonchidae are characterized by having eight pairs of marginal hooks, two pairs of anchors, one bar and a single intestinal cecum. Consequently, the genus was subsequently allocated to the Dactylogyridae (subfamily Ancyrocephalinae) by Luque et al. (1992) , with an amended generic diagnosis and the description of M. atlantica from Haemulon steindachneri (Jordan & Gilbert, 1882) off the cost of Brazil. The main generic characteristics are 14 similar hooks, two pairs of anchors, a dorsal bar with slender lateral ends, a ventral bar with wing-like expansions, intestinal ceca which are confl uent posteriorly and a bipartite testis. In the original description of M. atlantica, the scale bar for fi gs 4 (dorsal bar) and 5 (ventral bar) were not in accordance with the measurements given. A re-examination of the paratypes (CHIOC nos. 33.109 and 33.110) showed that measurements given in the description are the correct ones. Mexicana anisotremum, a species with an entire testis, was subsequently described from Anisotremus virginicus (Linnaeus, 1758) and A. surinamensis (Bloch, 1791) off Rio de Janeiro (Cezar et al., 2012) . The most recent species to be described was M. iannaconi from H. steindachneri off Peru (Chero et al., 2014) . According to Chero et al. (2014) , the main differential characters separating species of Mexicana are the morphology of testis, the sclerotized piece at the base of the copulatory organ and the ventral bar. They also proposed a key to the species, which they separated into two main groups, taking into account the morphology of testis: (1) testis bipartite posteriorly or completely bipartite (M. atlantica, M. bychowskyi, M. littoralis and M. iannaconi) and (2) testis entire (M. anisotremum). Mexicana rubra sp. nov. is included in the fi rst group. We could not fi nd consistent differences in the piece at the base of the copulatory organ, but there are differences in relation to the shape of ventral and dorsal bars. The closest species to M. rubra sp. nov. is M. atlantica, and the main diagnostic features which differentiate the two are the ventral bar (with three deep bowed projections vs rectangular with shallow projections) and dorsal bar (with conspicuous deep indentations vs with lateral extremities enlarged, without indentations) (see the key to species proposed below). The shape of vagina in M. atlantica seems to be wider than in M. rubra sp. nov. Since it is not sclerotized, this may be a weak difference. The present sequences for the 18S, ITS1 and 5.8S and 28S of Mexicana rubra sp. nov. represent the fi rst available genetic data for the genus. The 18S and 28S rRNA genes are known to be conserved, with lower sequence variation, compared with the ITS1 (Schlötterer et al., 1994) .The ML trees using partial 18S and 28S sequences shows that the new species nest as the sister taxa of other dactylogyrid genera, i.e. Euryhaliotrema, Haliotrematoides, Ligophorus and Bravohollisia, because correlation has a statistical signifi cance. Sequences of ITS1 and 5.8S were not used in the phylogenetic reconstruction due to their low query cover. The Capsalidae was previously referred as monophyletic by Mollaret et al. (1997) , Whittington (2004) and Perkins et al. (2009) . Whittington (2004) considered that some capsalid subfamilies and genera are ill-defi ned and require taxonomic revision. Members of Encotyllabe parasitize a wide range of teleost fi shes from different geographical areas. Yamaguti (1934) described E. spari from the gills of Sparus macrocephalus (Basilewsky, 1855), Plectorynchus pictus (Thunberg, 1792) and Epinephalus akaara (Temminck & Schlegel, 1842) from the Inland Sea of Japan. Kohn et al., (1984) reported this species from Haemulon sciurus (Shaw, 1803) and Luque et al. (1996) from O. ruber off the coast of Rio de Janeiro. This species was also reported from the gills of Plectorhynchus cinctus (Temminck & Schlegel, 1843) , P. pictus (Thunberg, 1792) and P. schotaf (Forsskål, 1775) from the Arabian Gulf (Khalil et al., 1988) and from Carangoides bajad (Forsskål, 1775) in Kuwait Bay (Kardousha et al., 2002) . Our specimens exhibit small differences compared with Yamaguti's original description and, consequently, we have referred to them as E. cf. spari. According to Sepúlveda et al. (2014) , the taxonomic status of members of Encotyllabe is questionable, the problem being the defi cient or incomplete descriptions and/or illustrations of many of the nominal species. The best characteristics for identifying specimens would appear to include body shape, with thin lateral margins which are turned ventrally, the shape and relative position of the testes, the shape of the cirrus, the extent of the vitelline fi eld, caeca which are not confl uent, and the size and shape of the anchors (Yamaguti, 1963; Khalil & Abdul-Salam, 1988; Williams & Beverley-Burton, 1989 ). Khalil and Abdul-Salam (1988) showed a general ultrastructural view of the body of E. spari and we add new information on the mouth with several digitiform projections, detail of the haptor bordered by a narrow membrane, and the shape of the anchors and hooks. Additionally, our sequences of the partial 18S and 28S of E. cf. spari show the position of the species within the Capsalidae, together with species of Benedenia and Capsala with a high statistical support (99 %). In the GenBank, the analysis of the partial 18S rDNA gene included a single sequence of Encotyllabe (E. chironemi -AJ228780) for comparison with E. cf. spari (query cover 99 %, identity 98 %). The presence of only two sequences of Encotyllabe infl uenced the tree topology, grouping Encotyllabe with Capsala martinieri Bosc, 1811 (AJ276423) with a statistical support of 76 %. The analysis of the partial 28S rDNA, with a greater number of representative species of Encotyllabe, showed Encotyllabe spp. to be closer to the Benedenia clade with low statistical support (78 %) and well separated from Capsala clade with 100 % support. Therefore, more new sequences of Encotyllabe species are required to augment the genetic profi le of the genus. This work provided the description of a sixth species of Mexicana, including new genetic data based on the ITS1, 5.8S and partial 18S and 28S rDNA, and new data on the genetic profi le of E. cf. spari based on the partial 18S and 28S rDNA genes plus new ultrastructural data. A key to the species of Mexicana is proposed below.
Discussion
